ABSTRACT Twenty one adult patients with asthma, with positive skin test responses to the European house dust mite, Dermatophagoides pteronyssinus, were randomly allocated to a control group or to a group applying house dust mite avoidance measures. These included an initial application of liquid nitrogen to mattresses and bedroom carpets to kill the live house dust mite population. Histamine airway responsiveness, symptom scores, peak expiratory flow rates (PEF), and house dust mite numbers were determined during the two week pretrial and eight week trial periods. Nine patients in each group completed the study. By the end of the study there was a significant reduction in live mites in the "avoidance" group but not in the control group. The avoidance group showed a significant improvement in symptom scores measured on a linear analogue scale, in the number of hours each day spent wheezing (mean reduced from 8-6 to 4-5 hours), and in PEF (1/min) both in the morning (from 364 to 388) and in the evening (from 368 to 392). These changes were not found in the control group. The provocative concentration (PC) of histamine causing a 20% fall in FEV, (PC20FEVI) had increased significantly in the avoidance group at eight weeks (from 0 58 to 2-3 mg/ml), whereas no change was seen in the control group (from 0 93 to 1 21 mg/ml). These results show that house dust mite avoidance, combined with initial killing of the mite by liquid nitrogen, diminishes airway responsiveness and improves asthma symptom control over an eight week period in adult asthmatic patients with house dust mite allergy.
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The role of house dust mite allergens in the provocation of atopic asthma has become established since 1967, when Voorhorst et al identified Dermto- phagoides pteronyssinus as the major source of allergens in house dust.' The first trial of house dust mite avoidance in children resulted in a reduction of house dust mite numbers in the homes of the subjects and an improvement in asthmatic symptoms. 2 Although these results were encouraging the study was uncontrolled. A randomised trial in children in Vancouver showed an overall improvement in symptoms and a modest improvement in histamine reactivity of the airways.3 A recent report suggested that the reduction in bronchial reactivity seen in a group of adults with severe asthma in hospital was due to prolonged reduction in house dust mite allergen exposure.4 Controlled studies in adults, however, have shown little or no improvements in symptoms"6 until recently, when Walshaw and Evans were able to show an improvement in bronchial reactivity after eight months of vigorous house dust mite avoidance.7
In a randomised controlled trial we have examined the effect of eight weeks of house dust mite avoidance measures on non-specific airway responsiveness in adult patients sensitive to the house dust mite. The measures included the application of liquid nitrogen to the bed and bedroom carpets to inhibit the live house dust mite population.
Methods
Twenty one patients attending the hospital respiratory clinic with symptomatic stable asthma were entered into the study from January to April 1984. All patients had a weal diameter of at least 3 mm more than the control in response to skin prick testing with D pteronyssinus extract (Bencard Further avoidance measures were performed by a third person such as a spouse or a parent. The entire surface of the bed was vacuumed weekly with special attention to seams, buttons, and box springs. Blankets, pillows, and duvets were cleaned at the beginning of the trial and sheets and pillow cases washed weekly. Blankets and upper sheets or duvets were folded back each morning to allow the mattress to air. Hard surfaces were damp dusted weekly. Plants, soft toys, cushions, and upholstered furniture were removed from the room. Patients in the control group were asked to continue with their normal cleaning activities.
ANALYSIS
Symptom scores were analysed by using the appropriate Wilcoxon's rank sum test (signed rank test for paired data, two sample test for unpaired data). Other data were assessed by two way analysis of variance (ANOVA). After ANOVA t tests were used to locate the significant findings. Data on house dust mite numbers were transformed by log n + 1 transformation to make variance independent of mean. ANOVA was then carried out on transformed data.
Results
Three patients withdrew from the study after randomisation. In the control group one became too wheezy after contact with a newly acquired cat. In the avoidance group one left the area and another refused to cooperate. Nine patients in each group completed the study. One "avoidance" patient lost his diary cards so recordings were available only for eight patients within this group. There were no significant differences between the two groups in baseline severity of symptoms, the mean size of weals produced by house dust mite, the number of subjects sensitive to pollen on skin testing, FEV, as a percentage of the predicted value, or geometric mean PC20FEV, histamine (table 1). One patient in the control group and two in the avoidance group reported having a "cold" during the eight week period, but no patient required oral steroids or any alteration of normal treatment.
In the control group there was a slight increase in the mean daily number of hours of wheezing, inhaler use, and symptoms as judged by the linear analogue scale, though none was statistically significant (fig 1) . In the avoidance group there was a significant fall in the number of hours wheezing (from a mean of 8 6 to 4-5; p < 0.01) and in the linear analogue scale values (from 10 mm to 5 mm on a 100 mm scale; p < 0-05), though only the former reached significance when the two groups were compared (p < 005) (fig 1) . Mean morning PEF rose from 364 to 388 I/min in the avoidance group (p < 0 02), but did not alter significantly in the control group (from 402 to 392 I/min at 8 weeks). Similarly, the evening PEF rose from 368 to 392 I/min in the avoidance group (p < 0-05), but did not alter in the control group (from 388 to 395 1/min at 8 weeks) (table 2). Geometric mean PC20 histamine values increased in the avoidance group from 0-58 mg/ dl during the run in period to 1-2 mg/ml at four weeks (not significant) and to 2-3 mg/ml at 8 weeks (p < 0 01). In the control group there was no significant difference between baseline (0 93 mg/ml), four week (1 26 mg/ml), and eight week (1 2 mg/ml) mean values (fig 2) . The change in PC20 histamine values in the avoidance group was significantly different from the change in the control group (p < 0-02). In the control group only one patient had a change of more than two doubling doses (a threefold change) in PC20FEV,. In the avoidance group four patients had an increase of more than two doubling doses (a threefold increase) in PC20FEV, histamine and none had a fall.
No change in either local IgE or allergen specific IgE antibody was detected in the patients in either group or between groups during the trial. There was no significant change in the number of intact or damaged mites extracted from the mattresses or carpets of the control group during the study (table 2). The avoidance group had mean mite counts similar to those of the control group at the start of the study. Airway responsiveness may also alter with alterations in the calibre of the airway, but there was no evidence of a significant increase in FEV, before challenge in either group to explain the improvement in histamine reactivity in our avoidance group. The improvement in airway responsiveness was mainly due to four individuals, who showed a decrease in airway reactivity well outside the natural variation of the tests. These patients were in the younger halfofthe age range. At the start of the study the avoidance group had symptoms similar to those of the control group but were slightly more responsive to histamine, though the difference was not significant. The improvement in airway reactivity was not, however, related to the initial severity of symptoms, skin sensitivity to house dust mite, or initial level of airway responsiveness. Thus the improvement in the avoidance group was not related to a greater initial severity. Apart from age it is difficult to predict from this small series which patient will benefit from avoidance measures. The improvement in bronchial reactivity was more striking than the changes in symptom scores. This may be explained in part by the difficulty in interpreting asthma diary cards,'4 and may be the reason why studies that have not used an objective measurement such as bronchial reactivity have shown poor results in the past.
Some previous trials did not monitor house dust mite numbers during the avoidance procedures235 and some failed to show any significant reduction by comparison with a control group.615 Walshaw and Evans7 showed a reduction in mite levels by using fairly vigorous cleaning procedures over a long period. The avoidance measures we advised were not as meticulous as those used in most previous studies-for example, mattresses were not enclosed in polythene sheets and carpets were not removed from bedrooms. The use of liquid nitrogen in our study resulted in the death ofa large number ofmites at the beginning ofthe study and these had been largely extracted from the mattresses by week 2. The total number of mites was significantly reduced by week 8 and only 1% of mites were alive. Antigen P-1 is the major allergen of D pteronyssinus and is concentrated in the faecal pellets. '6 We suggest that a vigorous initial killing of house dust mites to halt the production of antigen P-1 is essential for a successful avoidance protocol. Vacuum 
